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Growing Energy Needs
• Energy production is 
increasing.
• Renewables % not 
increasing with 
production.
• Polar vortex of Feb 
2021 shows more 
versatility in storage is 
needed.
https://www.eia.gov/energyexplained/us-energy-facts/
The Problem with Renewables
• Peak demand is not 
peak generation time.
• More storage options 
are needed. 




• Supercapacitors’ high 
power density allows for 
rapid discharge of energy 
into the grid.
• Some supercapacitor 
materials double as fuel 






• Calcination in furnace

























































































Hydrogen Evolution Reaction 
• 2𝐻𝐻2𝑂𝑂 + 2𝑒𝑒− → 2𝑂𝑂𝐻𝐻− + 𝐻𝐻2
• Theoretical Potential = 0 V.
• Pt electrodes are  the 
commercial standard.
• NiMoS4 best result for HER 
• 148 mV @ 10 mA/cm2
• Other reported values fr/ 































• 4𝑂𝑂𝐻𝐻− → 2𝐻𝐻2𝑂𝑂 + 𝑂𝑂2 + 4𝑒𝑒−
• Theoretical Potential = 1.23 V
• Ru and Ir electrodes are the 
commercial standards.
• CoMoS4 best result for OER.
• 189 mV @ 10 mA/cm2
• Other results run fr/ 379 to 


























Specific Capacitance of Devices
• Oxide samples had more surface area for 
better charging at low current density. 




























As Energy Storage Device
• Energy density comparable to some batteries.
• Power density comparable to currently capacitors.
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electrodes and electrochemical testing.
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